Column: TSKgel ODS-80Ts (inner diameter of 4.6 mm, a length of 250 mm, and particle diameter of 5 mm) made by Tosoh Corporation.
Column jacket: TSKguardget ODS-80Ts (inner diameter of 32 mm and length of 15 mm) made by Tosoh Corporation.
Column temperature: 40°C
Mobile phase: Acetonitrile-water (1:1) was used as an initial concentration, with undiluted acetonitrile used following a 20 min linear gradient. The other conditions are the same as condition 1.
Measuring methods

Material test
A 1.0g sample was precisely weighed and dissolved in 20 mL dicloromethane. 100 mL acetonitrile was slowly dripped into the solution while stirring with a stirrer, so that a highmolecular compound was precipitated. The suspension was centrifuged at 3,000 rpm for 10 min, and the supernatant fluid was concentrated under reduced pressure (at 40°C or lower) to about 2 mL. The concentrate, and 8 mL acetonitrile used to rinse the reduced pressure vessel, were transfered to a volumetric flask and adjusted to 20 mL with water. An appropriate amount was filtered and analyzed by the HPLC (condition 1).
Elution test
For each test, duplicate samples of each test material was filled with solvent and held at the test temperature for a set time. When the amount of solvent was reduced during testing, it was restored by adding solvent.
When water, 20% ethanol, and 4% acetic acid were used as solvents, the eluates obtained were filtered and measured by the HPLC (condition 2).
For n-heptane, 26 mL of the eluate obtained was transferred to a separatory funnel, extracted twice with 10 mL acetonitrile, and the volume adjusted to 25 mL by adding acetonitrile. Five mL of the eluate was concentrated under a nitrogen gas flow up to about 1 mL, and diluted to 5 mL with water. An appropriate quantity was filtered and measured by the HPLC condition 2).
The calculated amount eluted was obtained when the eluent was set to 2 mL per 1 cm 2 , as specified in the Food Hygiene Law:
Calculated amount eluted = {amount eluted (measured value) x amount of eluent} /(surface area x 2)
RESULTS AND DISCUSSION
Review of the measuring methods
The material test was based on the previous report 4 ; however, the initial concentration of the HPLC mobile phase was changed to acetonitrile-water (1:1) followed by a linear gradient for 20 min. The retention time was 5.1 min for phenol, 7.5 min for bisphenol A, and 10.5 min for p-tert-butylphenol. The detection limit was 20 ppb for each, and the quantification limit was 50 ppb per testing solution and 1 ppm per material.
In the elution tests with water, 20% ethanol, and 4% acetic acid, peaks which were ascribed to the solvents appeared at 6.4 min; however, this delayed peak did not overlap with the three eluted compounds. Thus, the mobile phase of the HPLC was an isocratic gradient. The retention time was 5.3 min for phenol, 7.9 min for bisphenol A, and 13.3 min for p-tertbutylphenol. Even if the amount analyzed was 100 µL, the baseline was stable, and no hindering peak was observed. Thus, quantification was possible down to 0.6 ppb per eluate (Figure 1 ).
According to a previous report 4 , when the n-heptane elution solution was replaced with 100% acetonitrile and the elutes measured by HPLC, the peak solvent floated. Consequently, the elution solution was concentrated and water added so that it was about 80% water. Thus, bisphenol A and p-tert-butylphenol could be measured by condition 2. However, for phenol, a hindering peak existed and it therefore could not be measured. If the HPLC is set to the gradient elution of condition 1, the hindering peak can be separated; however, if the amount being analyzed is increased to 100 µL, the baseline is disturbed, so that the quantification limit value has to be raised. In this experiment, since the main purpose was high-sensitivity analysis of bisphenol A, the phenol in the n-heptane elution was measured but not quantified.
Comparison of the amount eluted under the various conditions of the Food Hygiene Law
Among the polycarbonate products, four recalled products which violated the material standard and one nursing bottle currently on the market were subjected to the material test and the elution test under six test conditions prescribed by the Food Hygiene Law (Table 2 and Figure 2 ).
The amount of residual bisphenol A in the material of four recalled products was 379-599 ppm, and phenol and p-tert-butylphenol were 8-20 ppm and 81-154 ppm. The total amount of the three compounds was 510-779 ppm, and each of them exceeded the 500 ppm standard value.
In the comparison of the amount of bisphenol A eluted under various test conditions, nheptane was the highest at 28.8-39.1 ppb. Water and 4% acetic acid at 95°C gave intermediate values at 19.0-26.3 ppb and 21.1 ppb, as did 20% ethanol at 7.4-28.9 ppb. Water and 4% acetic acid at 60°C were the lowest at 6.1-11.8 ppb and 10.4 ppb. The higher the fat solubility of the eluent or the elution temperature, the larger the amount eluted; however, the difference was only on the order of several fold. Also, even in the sample with a residual amount of about 600 ppm, the amount eluted was 40 ppb or less. The elution of phenol could not be measured in the n-heptane; however, it was as high as 1.1-7.5 ppb in 20% ethanol. Then, water at 95°C followed, and water at 60°C and 4% acetic acid at 60°C and 95°C were low. The reason why 4% acetic acid at 95°C was not as high as the water was unknown. As to why the amount of phenol eluted was large compared to the residual amount, it was presumed that, since the molecular weight was small, elution was easy.
The amount of p-tert-butylphenol eluted was 1.4-4.3 ppb, the difference in values between the test conditions was small, and the amount eluted was low in comparison with the residual amount. The total eluted amount of these three compounds was 7.4-41.7 ppb. When the elution amount was calculated to 2 mL of solvent per cm 2 according to the Food Hygiene Law, total elution was 6.0-32.2 ppb, 1/800 or less of the standard value of 25 ppm for container packing. Thus, it was shown that even when the residual amount in the material exceeded the standard, the amount eluted was very low.
On the other hand, in sample 10, the marketed nursing bottle, the residual amount in the material was 20 ppm for bisphenol A, 4 ppm for p-tert-butylphenol, and an undetectable amount for phenol. The amount of bisphenol A eluted was detected as a very infinitesimal amount of 0.5 ppb for water at 95°C for 30 min, however it was not detected at all under the other conditions. Also, no phenol or p-tert-butylphenol were detected under any conditions.
Repeated Elution
For samples 2 and 10, the samples used in the elution test with water at 95°C for 30 min were repeatedly subjected to elution under the same conditions, and the change in the amount eluted during 5 cycles was investigated (Table 3) .
In sample 2, the elution of bisphenol A was reduced from about 1/8 to 1/20: 26.9 ppb in the first cycle, 3.4 ppb in the second cycle, 2.4 ppb in the third cycle, 1.7 ppb in the fourth cycle, and 1.5 ppb in the fifth cycle. Also, phenol and p-tert-butylphenol were reduced. In sample 10, an infinitesimal amount of bisphenol A was detected in the initial cycle; however it was not detected at all after the second cycle.
As mentioned above, in the elution of bisphenol A, etc., from polycarbonate products, since the amount eluted was largely decreased after the second cycle, it was indicated that the amount being eluted in daily use was either a very infinitesimal amount or none at all. 
Elution by Microwave Oven Heating
Water was added to samples 2 and 10 and heated for 10 min in the microwave oven, and the amount eluted was investigated. Then, the samples were washed and reheated, and the amount eluted during the second cycle was investigated ( Table 4 ). The amount of bisphenol A eluted was 85.6 ppb during the first cycle and 4.7 ppb during the second cycle in sample 2. In sample 10, the amount was 0.7 ppb and at the detection limit or below. It was presumed that the reason why relatively high elution was shown during the first cycle was due to the harsh conditions, that is, the sample reached a boiling state after about 5 min and the boiling continued for the remaining 5 min. Also, during the second cycle, since the amount eluted was greatly decreased and was about the same as that during the second cycle of the repeated elution at 95°C for 30 min, it was shown that decomposition is seldom observed. Consequently, it was demonstrated that even when the microwave oven was used, the amount eluted was infinitesimal.
Elution by pouring boiling water
The above mentioned Hanai et al., reported that when boiling water was poured into the nursing bottle and held over night, 3.1-5.6 ppb bisphenol A was eluted. Accordingly, boiling water was poured into bottles of sample 10 and held at room temperature, and the amount eluted after 30 min and 24 h was investigated. Under those conditions, no elution was observed after 30 min; however 0.5 ppb bisphenol A was eluted after 24 h ( Table 5 ). The amount eluted for 24 h at room temperature and at 95°C for 30 min after pouring boiling water is considered to be about the same. Test Conditions: Heating by microwave oven (500 W) with water for 10 minutes and repeated. PH: phenol, BPA: bisphenol A, PTBP: p-tert-butylphenol ND: < 0.5 ppb ( ): Calculated migration using 2 mL/cm 2 of solvent.
Influence of washing, etc.
The influence of washing and boiling treatments on the samples before the elution test was investigated (Table 6 ). When no washing was applied, bisphenol A was 38.1 ppb in sample 2 and 3.9 ppb in sample 10, which were 1.5 times and 6.5 times those of the washed samples. Also, when the bottles were not washed, high measured values for phenol and p-tertbutylphenol were shown. On the other hand, after boiling for 5 min, the elution of bisphenol A was also largely decreased to the detection limit in sample 2, and no elution was detected in sample 10. Consequently, it was shown that the amount eluted was greatly decreased by washing and was greatly decreased in particular by boiling and disinfecting, which are usually carried out on nursing bottles and tableware for children. 
Investigation of products on the market
For nine polycarbonate products on the market, the residual amount of phenol, bisphenol A, and p-tert-butylphenol was measured, and the amount eluted in 20% ethanol at 60°C for 30 min and in water at 95°C for 30 min (Table 7) .
The residual amount was ND-11 ppm in phenol, 5-80 ppm in bisphenol A, and ND-43 ppm in p-tert-butylphenol, and the total amount was 9-126 ppm. The white products, samples 5-8, showed a residual amount slightly higher than that of the transparent products (9-14) such as nursing bottles. Also, sample 5 showed an antibacterial characteristic; however, there was no problem in the residual amount. For bisphenol A and p-tert-butylphenol, residual levels were almost the same, or bisphenol A Table 2 was considerably higher, or p-tert-butylphenol was not detected. These differences were considered to be caused by conditions during manufacturing and processing of raw material pellets.
Elution of bisphenol A was observed in samples 7 and 8, where it was 1.7 and 2.9 ppb in the 20% ethanol and 3.2 and 4.6 ppb in water at 95°C. No elution was seen in the other products. Also, 1 ppb or less of phenol was detected from the fifth product; however elution of p-tert-butylphenol was not seen.
Based on these results, bisphenol A, etc., largely remained in the products currently on the market, since the residual amounts were low. Elution was observed in small amounts only in some of the products, and in many products no elution was seen.
CONCLUSION
When elution tests were carried out using four products which violated the material standards, having a residual amount of bisphenol A, etc., of more than 500 ppm, the amount of bisphenol A eluted was 40 ppb or less and the total amount of residual phenols was merely 50 ppb or less. Among ten marketed products, elution of small amounts of bisphenol A (less than 5ppb) were observed in three products and no elution observed in the other products. Also, the amount eluted was considerably lowered by repeated elution, and no increase of bisphenol A due to the decomposition of polycarbonate was seen in a microwave oven. Slightly higher elution was seen in unwashed products; however, elution was greatly decreased by washing or boiling. Consequently, it is believed that only the bisphenol A existing on the surface or near the surface is eluted from polycarbonate products. For this reason, even in the recalled products containing bisphenol A, etc., in excess of material standards, the amount being eluted is low. Also, it was confirmed that, for everyday use of nursing bottles, children's tableware, etc., currently on the market, the amount eluted was infinitesimal or seldom observed.
